C
itizen science, the field of public participation in scientific research, has generated a growing interest among scientists within national funding agencies, at museums, in top sociological and biological science journals, and at national meetings (e.g., Bonney et al. 2009a , Lepczyk et al. 2009 , Dickinson and Bonney 2012 , Miller-Rushing et al. 2012 , Bonney et al. 2014 , Goforth et al. 2014 . Although different definitions of citizen science exist, we use a broad definition here: "partnerships between those involved with science and the public in which authentic data are collected, shared, and analyzed" (Jordan et al. 2012a) . It is both the desire to create or grow data sets on temporal and spatial scales (Dickinson et al. 2012 ) and the desire to educate members of the public (Bonney et al. 2009b ) that are behind the growth in citizen science programs, which exist in several disciplines.
Citizen science, by definition, relies on cooperation between a range of experts and nonexperts, which in many cases, involves some sort of public engagement, education, and data collection. Citizen science programs are therefore interdisciplinary endeavors that have resulted in scientific advancement (e.g., Saracco et al. 2009 ) and the potential for a more democratized and participatory form of scientific inquiry (Pandya 2012) . Although the many applications of citizen science are still being discovered, we note a rise in publications that take a scholarly view of citizen science research practices. In particular, several papers have been focused on public engagement with and contribution to the scientific process (Bonney et al. 2009a , Dickinson and Bonney 2012 , Bonney et al. 2014 . These papers represent a growing body of citizen science scholarship.
Given this recent attention on citizen science, a question has arisen during formal discussions at annual meetings that have hosted special citizen science sections: Is citizen science a distinct discipline or field of inquiry (see http:// citizenscienceassociation.org)? An examination of the backgrounds of researchers who publish about citizen science showed that many have studied formal biology and science, education, or sociology. In addition, although many of the articles featuring citizen science have appeared in disciplinary journals, and the focus of some articles has been the discipline of citizen science itself (e.g., Couvet et al. 2008 , Paulos et al. 2009 , Jordan et al. 2012a ). The latter have also appeared in a number of disciplinary journals, which may not be read by citizen science scholars across disciplines.
In this article, we contend that citizen science warrants consideration as a distinct discipline or field of inquiry. We found it difficult to reach a consensus as to what defines a discipline, and we therefore use Kuhn's (1970) views of paradigms along with insight from Beyer and Lodahl (1976) to establish the following three criteria: (1) A discipline must work to solve a problem and generate theoretical ideas not covered by other disciplines; (2) a discipline must have a common group of researchers who are working to develop unique methods by which to solve the problem; and (3) a discipline must find the means to collaboratively judge the efficacy of the work. Consistent with criterion 1, we discuss a unifying problem of citizen science and provide evidence of theoretical conjectures that are and can be tested in citizen science in a unique manner different from sister disciplines. We follow these examples with a discussion of how researchers are collaborating and planning a professional association Forum that can help bring researchers together to define disciplinary norms, as was suggested by criteria 2 and 3.
First, we address criterion 1: a unifying problem. Citizen science research is centered on the discovery of the socioscientific outcomes of expert-nonexpert partnerships that involve collecting authentic scientific data. Socioscientific refers to the dimensions of the data being collected, as well as the people and communities who are collecting these data. In addition, these data must be authentic, in that they will be used to address a question or issue that has genuine consequences, as opposed to being purely thought provoking or educative. Requisite within this is the transfer of skills, techniques, and the norms of scientific data collection exhibited in professional scientists.
We argue that citizen science is indeed unique because of the context and consequences of citizen participation in authentic research; this participation is necessarily distinct from its sister fields of sociology, biology, science education, natural resource management, technology, ecology, and psychology, to name a few. In no other context outside of citizen science are researchers studying the outcomes of merging volunteer training and education with authentic data collection. Such outcomes involve data from human learning and data addressing the scientific goals of the project. The discussion of these data often comes from the perspective of maximizing the accuracy and validity of the scientific data. Citizen science scholars, therefore, need to consider both the value of the data collected as a tool for scientific research and the broader social context by which scientific questions are collaboratively asked (see McEver et al. 2007 for a discussion.)
Also part of criterion 1 is the notion that disciplines generate unique theoretical conjectures. Consistent with the idea of public engagement, education, and data collection, we provide three example areas in which unique conjectures are being made, and we highlight three example conjectures that correspond with figure 1. We also acknowledge that there are a number of other ideas being tested and discussed in the field of citizen science, as is evidenced by the work we cite and the numerous results generated by a simple internet search.
Area of conjecture 1: The nature of participation To highlight the unique nature of citizen science participation, theoretical frameworks of participation have been proposed. These frameworks first described in Bonney and colleagues (2009a) , and later refined by Shirk and colleagues (2012) , highlight the mode of participation by which participants are involved. On one hand, participation can include individuals seeking scientific assistance from an expert-that is, involving scientists as consultants (a contractual model). On the other hand, participation may involve individuals taking complete ownership over the project and practices-that is, undertaking all aspects of the scientific study (a collegial model; see figure 1). These ideas about participation are elaborated in Shirk and colleagues (2012 and colleagues (2009a) include contributory (e.g., participation in data collection), collaborative (e.g., participation in the scientific process, involving but not limited to data collection and analysis), and cocreated (i.e., participation in the entire scientific method). As participation in different aspects of the scientific process increases, a project has more opportunities to influence outcomes in learning and science literacy ). These opportunities may further link to community-level outcomes. Studying participation can also provide a lens to help us understand constructs such as motivation. For example, several models may encourage deep participation. Cocreated and collegial projects have resulted in research questions of community relevance, which may lead to more participation by individuals with different motivations or who are typically underrepresented in citizen science programs (Pandya 2012) .
Unique theoretical conjecture (figure 1). With a greater level of participation, a science identity with respect to competence, performance, and recognition, may increase. Learners are more likely to internalize science learning with a science identity (Committee on Science Learning 2007).
Area of conjecture 2: Context for learning
Promoting the learning of scientific content or general processes has also been a goal in many citizen science projects (Freitag and Pfeffer 2013) . The nature of citizen science projects affords participants a unique opportunity to be engaged in the process of asking and answering authentic questions. This authenticity is likely to have an impact on how a learner views the consequences of their participation, the motivation for participating, and the expectations regarding the extent of learning expected both by themselves and by others. Furthermore, we expect the nature of the available tools for learning, the ways in which learners engage knowledge, and the social context to have variable impact on how learners abstract and transfer ideas to different contexts.
In view of the ideas above, a number of research questions follow. For example, can participants be expected to experience enhancement in reasoning and scientific practice skills if participation in the program only involves data collection skills specific to the research question being studied (i.e., a contributory model; e.g., Jordan et al. 2012b) ? If these broader learning goals are a priority, how might training and other participant activities be implemented? There is certainly evidence to suggest that scientific practice skills often need time for reflection and making mistakes in a way that identification skills may not. Is there a benefit to the project for this deeper engagement into learning? Might there be a benefit if the learner is required to make certain decisions during the data-gathering process? We could also look at this question from the perspective of the learner and ask how epistemology and the perceived ownership of knowledge develop in a more participant-engaged (i.e., a collaborative model; e.g., Ballard and Belsky 2010) project?
Unique theoretical conjecture (figure 1). As individuals are engaged in learning more about the practices of science, they may increase their view of consequences related to their personal actions in the project (e.g., will missing a single data point on their part affect the outcome of the research?) and, with greater investment in the practice of science practicing, participants may also increase their ability to transfer ideas about these practices to other citizen science projects and to life in general.
Area of conjecture 3: Systems-level theory to measure environmental outcomes Although there appears to be interest in a systems-level view of citizen science programs, assessments in which the benefits associated with creating more democratized science and learning feedbacks are examined have not yet been developed. With this, there is lack of available tools to assess these programs' direct and indirect influence on the environment. In fact, there is some evidence that indicates that the data generated in these programs may not yet be routinely used in management decisionmaking (Conrad and Hilchey 2011) . Citizen science as a field, however, is coordinating efforts to better understand direct and indirect benefits, as well as opportunities for positive outcomes. For example, in a recent review of citizen science programs, Conrad and Hilchey (2011) found that programs provided data that could support increases in environmental democracy, scientific literacy, social capital, and benefits to government.
Regarding environmental benefits, improvements to management tend to be suggested rather than quantified. Because the data generated in citizen science programs are not considered in the environmental management decisionmaking phase, environmental outcomes associated with the projects are simply not measured (Conrad and Hilchey 2011) . Adding systems-based assessments, therefore, will aid in our understanding of the mechanisms by which citizen science supports how new information is generated, how individual and community understanding of environmental issues change, and how the interaction between the first two questions might alter social and ecological interactions. In addition, this systems-based consideration may further promote the growth of citizen science as a field of research and as a complementary tool to various scientific disciplines. Finally, a systems perspective will provide a methodological framework that will allow us to test the relationship between participatory citizen science programs and improvement of environmental quality.
Unique theoretical conjecture ( Figure 1 ). As greater participation in systems-based scientific practice increases, individuals may become more exposed to broader systems thinking and may experience an increase in personal agency (i.e., a sense that one's actions are effective). In addition, these individuals will be in a position to note positive ecological outcomes.
A unique field?
We highlighted a few example areas in which unique questions essential to the field of citizen science are and will continue to be addressed. It is clear that biology, sociology, educational psychology, science teaching and learning, ecology, conservation, and resource management are all areas of inquiry that can greatly inform citizen science research. Citizen science research, however, involves key aspects of engaging participants with relevant, authentic, and constantly changing dimensions of primary research, which shape research questions about participation, engagement, learning, and socioecological systems.
Next, according to our definition above, we need to consider the extent to which methodologies (i.e., criterion 2) and collaborative critique of the work (i.e., criterion 3) are being advanced. Currently, citizen science practitioners and theoreticians are discussing the new Citizen Science Association and planning an associated peer-reviewed journal. Furthermore, a number of research teams are focusing on key approaches to help advance knowledge of citizen science programming on larger scales (e.g., Phillips et al. 2012) .
In closing, we put out a call to accept citizen science as a field of inquiry. With this acknowledgement, individuals can begin to self-identify and work with a scholarly or praxisbased community geared toward advancing the study of the socioscientific outcomes of expert-nonexpert partnerships. Finally, this call can encourage funding agencies, universities, practitioners, and scholars to work together to create a growing body of knowledge that integrates not only the research described in this article but also that being generated by researchers across the globe.
